Fawn-Hooded (FH) rats show central and peripheral abnormalities in serotoninergic functions and have attracted attention as an animal model of some pathologies, including depression and hypertension. In addition, these rats show a reduced growth rate. As the hypothalamic-pituitary-adrenal (HPA) axis has been implicated in both depression and hypertension, and the hypothalamicsomatotrophic (HSM) axis has a major role in growth, these two endocrine axes were characterised in FH rats as compared with outbred Sprague-Dawley (SD) rats in basal conditions. FH rats showed normal serum ACTH and corticosterone concentrations, but reduced serum corticosterone binding capacity. At a central level, normal expression of mRNA for glucocorticoid type II receptors in the hippocampal formation and mRNA for corticotrophin-releasing factor (CRF) in the paraventricular nucleus of the hypothalamus were observed in FH rats, whereas expression of mRNA for CRF in the central nucleus of the amygdala was enhanced compared with the expression in SD rats. Serum GH concentrations were normal in FH rats, IGF-I tended to be lower, and mRNA for somatostatin (SRIF) in the periventricular nucleus of the hypothalamus was significantly lower in FH rats than in SD rats. The reduced SRIF gene expression in rats with normal or slightly reduced GH and IGF-I, respectively, might be secondary to a defective central and peripheral response to IGF-I, compatible with the reduced growth of FH rats. The present results suggest that FH rats have abnormalities in both HPA and HSM axes that might be related to some of their physiopathological characteristics.
Introduction
Fawn-Hooded (FH) rats were first characterised by a defect in platelet aggregation and serotonin content (1, 2) . The altered serotoninergic function became a main focus of research, because of the possible role of serotonin in depression (3) . Contradictory results have been reported regarding platelet and synaptosomal uptake of serotonin and 3 H-imipramine binding to membranes in FH rats (4) (5) (6) , but some behavioural and endocrine responses to serotoninergic agents have been found to be reduced in FH rats as compared with both Sprague-Dawley (SD) and Wistar rats (7) (8) (9) , suggesting hypofunctionality of the serotoninergic system.
Apart from some endocrine responses to serotoninergic agents, the endocrine system of FH rats has not been characterised, and only a few investigations have been undertaken to study the hypothalamic-pituitaryadrenal (HPA) axis. Initially, high basal corticosterone concentrations that were normalised by administration of antidepressant agents were reported in FH rats (10) , in support of the validity of FH rats as an animal model of depression. However, there are several findings arguing against this hypothesis. First, true basal activity of the HPA axis does not appear to be supranormal in FH rats, as the same laboratory that reported basal hypercorticosteronaemia subsequently showed normal corticosterone concentrations (11) -a finding corroborated by our own results (12) . Secondly, FH rats showed lower relative adrenal weight and greater relative thymus weight as compared with both Wistar and SD rats (11, 12) . Thirdly, activity of FH rats in the forced swimming test, which is presumed to evaluate depression-like behaviour (13, 14) , is dependent on the particular substrain used (15) .
Although the validity of FH rats as an animal model of depression is questionable, FH rats show other important abnormalities, such as spontaneous hypertension and reduced growth (2, 8) . Therefore, a more detailed endocrinological characterisation of this strain might be potentially important in establishing its suitability for use as a model for physiopathology. Thus the present work aimed to extend the endocrinological characterisation of FH rats, focusing on the HPA and hypothalamic-somatotrophic (HSM) axes. The rationale for such a focus was as follows: (i) in the rat, the HPA and HSM are under stimulatory serotoninergic control (16, 17) ; (ii) various components of the HPA axis appear to be involved in cardiovascular function and the development of hypertension (18, 19) ; (iii) abnormalities of the HSM axis are expected in FH rats, as they eat and grow less than Wistar or SD rats, and the HSM axis is closely related to both food intake and growth control (20) (21) (22) (23) ; and (iv) the HPA and HSM axes are interconnected at both hypothalamic and peripheral levels (24) (25) (26) (27) .
Material and methods

Animals
Male FH and SD rats, approximately 70 days old when killed, were used. At that time their average body weights were 238 and 454 g respectively. FH rats were obtained from NCI-Frederick Cancer Research and Development Centre (Frederick, Maryland, USA) and SD rats were raised in the breeding centre of the Universitat Autònoma de Barcelona. The rats were housed two per cage in a controlled environment (lights on from 07.30 to 19.30 h, temperature 22 ЊC) for 25 days before being killed. Food and water were always available ad libitum.
Experimental procedures
The experimental procedures used in this work had previously been approved by the ethics committee for animal experimentation of the Universitat Autònoma de Barcelona.
The animals were killed quickly by decapitation without stress, in an adjacent room within 10 s after they had been removed from the animal room, between 1000 and 1100 h. The trunk blood was collected, maintained and centrifuged at 4 ЊC. Brains were quickly removed and frozen on isopentanol (cooled in a bath of dry ice with 70% ethanol) for in situ hybridisation experiments. Serum was frozen at ¹20 ЊC and brain at ¹80 ЊC, until required for assay.
Hormone analysis
Total serum corticosterone was measured by radioimmunoassay (RIA) using a procedure based on one described previously (28) , with small modifications (12) . Serum ACTH was assayed immunoradiometrically, using a commercial kit (Nichols, San Juan Capistrano, CA, USA). Plasma concentrations of growth hormone (GH) and insulin-like growth factor I (IGF-I) were measured by a double-antibody RIA, using reagents provided by the NIDDK, Rat Pituitary Hormone Program (University of Maryland, School of Medicine, Baltimore, MD, USA). Levels of GH were expressed in terms of NIDDK rat-RP-2 standard. The level of detection of GH was 10 pg, and the intra-assay coefficient of variation was 3%. Serum or plasma IGF-I binding proteins were removed by an acid-ethanol procedure (29) . The standard used was IGF-I A52-EPD-186 (kindly provided by Eli Lilly & Company). Concentrations of IGF-I were expressed as nmol/l with respect to the molecular weight of human IGF-I, as the research sample of IGF-I was prepared by recombinant DNA technology using unique methods (30, 31) , this 70-residue peptide having a molecular weight of 7649 Da. The intra-assay coefficient of variation was 8%; samples from one experiment were run in the same assay.
Corticosteroid binding globulin
Apparent affinity (K d ) and number of binding sites (B max ) for corticosteroid binding globulin (CBG) were determined by a binding assay in stripped serum, using [ 3 H]corticosterone (Amersham, Bucks, UK) with a specific activity of 82 Ci/mmol. One hundred microlitres diluted (1 : 100) serum were incubated with [
3 H]corticosterone concentrations varying from 0.1 to 40 nmol/l in a final volume assay of 500 ml. Non-specific binding was measured using 500-fold excess of unlabelled corticosterone. The assay buffer was 0.01 mol/l phosphate (pH 8.2) containing 0.9% NaCl and 1% gelatine. The incubation lasted for 30 min at 37 ЊC and 15 min at 4 ЊC. Five hundred microlitres of a solution containing dextran T70 (0.1%) and charcoal (1%) were added at 4 ЊC and, 10 min later, the tubes were centrifuged at the same temperature for 15 min. In a pilot experiment, a 28% dissociation with regard to time 0 had been found, and the values were corrected accordingly. Binding parameters were estimated by non-linear regression fit using Inplot 4 · 0 (GraphPad-Software Inc.; San Diego, CA, USA).
In situ hybridisation assay
Serial coronal sections (20 mm) through the periventricular (PeN; bregma ¹0.92, ¹1.40) and paraventricular (PVN; bregma ¹1.80, ¹2.30) nuclei of the hypothalamus, the central nucleus of the amygdala (CeA; bregma ¹2.30, ¹2.80) and the hippocampal formation (bregma ¹3.30, ¹3.80) were cut in a cryostat at ¹20 ЊC, in accordance with flat brain stereotaxic coordinates (32) . Sections were mounted onto poly-L-lysine-coated slides (Sigma) and stored in boxes at ¹80 ЊC until required for hybridisation. For somatostatin (SRIF), we used a 45-base cDNA oligomer with the following sequence: 5 0 3 0 CCAGAAGAAGT-TCTTGCAGCCAGCTTTGCGTTCCCGGGGTGT (Genosys), kindly provided by Dr S Arancibia. For corticotrophinreleasing factor (CRF), a 48-base cDNA oligomer complementary to the mRNA sequence encoding 64-111 (NEN Products, du Pont, Boston, MA, USA) was used. They were tailed on the 3 0 -OH end with [a- 35 S]deoxyadenosine triphosphate (specific activity >1000 Ci/mmol, Amersham) using terminal deoxynucleotyl transferase (Boehringer Mannheim, Mannheim, Germany). Probe specificity was approximately 10 6 d.p.m./pmol. For glucocorticoid receptor (GR) mRNA, cRNA antisense probe was used. The antisense GR probe was transcribed from a 500-bp rat cDNA fragment that encodes for the N-terminal region of the rat liver GR (33) (courtesy of K R Yamamoto and R Miesfeld, Dept Biochemistry, University of Arizona, Tucson, AZ, USA). This fragment was subcloned from a 2.8-kb fragment and transfected into pGEM3 plasmid (courtesy of M C Bohn, Dept Pediatrics, Northwestern University Medical School, Chicago, IL, USA). The probe was labelled with uridine [5 0 a-35 S]triphosphate (Amersham). The probe was used when incorporation of the radioactive nuclide into the probe was >70%. (For hybridisation procedures, see reference (34) .) Sections were exposed to Kodak X-OMAT AR film for 3 (SRIF mRNA, PeN), 14 (CRF mRNA, PVN and GR mRNA, hippocampus) and 21 days (CRF mRNA, CeA). Four to six animals per strain were processed (the remaining rats were used for other experimental purposes). Staining of every third section with thionine was helpful in the anatomical identification of the regions.
Quantification of autoradiograms
From each animal, four hypothalamic and eight CeA sections were considered. Optical density (OD) of autoradiograms was quantified on the basis of a standard curve calculated from a set of carbon-14 microscales, which is comparable to sulphur-35 microscales (Amersham), after shading and background correction using a computer-assisted image analyser (LeicaQ500 MC, Leica, Barcelona, Spain). The various regions to be analysed were selected into a fixed rectangular area, the grey level of which had previously been standardised using several sections, to demarcate the nucleus of interest. After that, the same rectangular area and grey level were used for all sections and animals. The number of pixels and their mean OD were multiplied to obtain arbitrary units. The background from each section was measured in an adjacent area, maintaining the same conditions of rectangular area and grey levels, and the values obtained were subtracted from the appropriate specific signal. Sections treated by RNAse A digestion were used as negative control for SRIF and CRF, whereas sections hybridised with [ 35 S]sense probe were used for GR. The average value of all sections from each animal was considered as the unit for the statistical analysis.
All biochemical and in situ hybridisation samples were processed in the same assay, and in the same cassette in the case of in situ hybridisation analyses. Intra-assay coefficients of variation of the biochemical analyses were always less than 8%.
Statistics
Statistical analysis was by Student's t-test. Where necessary (B max for CBG), data were log-transformed to achieve homogeneity of variances.
Results
As Table 1 shows, FH rats showed reduced food intake and lower initial and final body weights compared with SD rats (P <0.001). Body weight gain was also significantly lower (P < 0.01) in FH rats. (n =8 rats/strain, except for food intake, where n = 4 cages).
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Sprague-Dawley Fawn-Hooded
Initial body weight (g) 447:5 Ϯ 14:6 235:1 Ϯ 10:3*** Final body weight (g) 464:6 Ϯ 15:1 241:8 Ϯ 10:1*** Body weight increment (g) 17:4 Ϯ 3:1 6 :6 Ϯ 0:8** Food intake (g/rat per day) 28:0 Ϯ 0:6 1 7 :5 Ϯ 0:3*** ** P < 0:01; *** P < 0:001 (t-tests). (n = 4 animals per strain for CRF mRNA; n = 7-8 for ACTH, corticosterone and CBG values). *P < 0.005 (t-test) compared with SD rats.
Resting serum ACTH and corticosterone concentrations were similar in the two strains (Fig. 1B  and C, respectively) . However, binding properties of CBG differed: FH rats showed a similar K d and a lower B max (P < 0.005) than SD rats (Fig. 1D) . Whereas in the PVN the CRF gene expression was similar in the two strains ( Figs 1A, 2B ), in the CeA it was greater (P < 0.01) in FH than in SD rats (Figs  2A, 3) . No differences were found between strains in GR mRNA levels in the areas of the hippocampus that were studied -the dentate gyrus and CA1 (Fig. 4) .
Plasma GH concentrations did not differ among the two strains (Fig. 5B) , IGF-I tended to be lower in FH rats (P = 0.075; Fig. 5C ), and mRNA for SRIF in the PeN was significantly lower in FH than in SD rats (P < 0.02; Figs 2C, 5A ).
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Figure 2 Bright-field images of (A) the CeA; (B) the PVN and (C) the PeN from SD rats (left column) and FH rats (right column) rats after in situ hybridisation with oligonucleotide probes to CRF mRNA (A, B) and SRIF mRNA (C). There is an increase in CRF mRNA labelling in the CeA in FH rats compared with SD rats, whereas a lower signal in SRIF mRNA is observed in the PeN of FH rats. No differences between strains can be seen in the CRF mRNA labelling in the PVN. 
Discussion
The present data demonstrate that FH rats differed from SD rats in the HPA and HSM axes in basal conditions. HPA activity was similar in the two strains, with the exception of a reduction in plasma CBG activity in FH rats. mRNA for CRF in the CeA was found to be increased in FH rats, suggesting possible hypersensitivity of FH rats to aversive stimuli. Regarding the HSM axis, normal peripheral concentrations of GH and IGF-I, accompanied by reduced SRIF gene expression in the PeN nucleus, were observed in FH rats.
Resting concentrations of ACTH and corticosterone were found to be similar in FH and SD rats. Although high basal corticosterone concentrations had previously been found in FH rats compared with Wistar rats (10), more recent papers, including one from the same laboratory that originally reported hypercorticosteronaemia, have reported normal basal concentrations of ACTH and corticosterone in FH rats, as compared with either Wistar or SD rats (11, 12) . Therefore, earlier results showing higher than usual concentrations of serum/plasma corticosterone in FH rats could have been due to stress associated with blood sampling. We found a reduced corticosterone binding capacity of serum in FH rats that appears to be due to a lower B max , rather than to changes in affinity (K d ). From the classical point of view of steroid action, a reduction in CBG would increase free corticosterone, which in turn would enhance its biological activity. However, this view has been challenged by the existence of intracellular CBG in several tissues and the possibility has been suggested that CBG might contribute to corticosterone uptake by cells and its interaction with intracellular receptors (35) . In fact, there are no signs of glucocorticoids hyperactivity in FH rats. Rather, their greater thymus weight (12) and their tendency to develop inflammatory diseases (11) might be indicative of HPA hypoactivity. At higher levels of the HPA axis (mRNA for GR in the hippocampus, mRNA for CRF in the PVN, and serum ACTH concentrations), no differences were observed between the strains. Therefore, there is no evidence for either enhanced adrenocorticotrophic function or altered glucocorticoid negative feedback, the two major endocrine alterations in depression (36) , in FH rats. Comparing FH and Wistar rats, no evidence for enhanced pituitaryadrenal function was observed (11) . In addition, the activity of our particular substrain of FH rats in the forced swimming test, a putative animal model for the evaluation of depression-like behaviour in rodents (13, 14) , was found to be greater than that of SD rats in a previous report (12) . All these data argue against consideration of these rats as a putative animal model of depression. Although mRNA for CRF in hypothalamic PVN was found to be normal in FH rats, mRNA for CRF in the CeA was found to be increased in FH rats compared with SD rats. This is in accordance with a previous report comparing FH rats (obtained from the same breeder as the present FH rats) and Wistar rats (11) , and suggests that enhanced expression of mRNA for CRF in the CeA is a consistent finding. Whether or not this factor might contribute to the development of hypertension in FH rats remains to be the subject of direct study. Nevertheless, several findings favour a possible role of CRF in the CeA: (i) this area is crucial for the integration of the response to aversive stimuli (37); (ii) CRF in the CeA appears to elicit cardiovascular and stress-like behavioural effects (38, 39) ; (iii) stress has been considered to be an aetiological factor in hypertension (19) ; (iv) stress increases CRF release and mRNA for CRF in the CeA (40, 41) .
FH rats showed normal serum GH concentrations and a marginally significant reduction in serum IGF-I compared with SD rats. IGF-I is known to be under the control of GH and to mediate most of the physiological actions of GH, including growth promotion (42) . As FH rats achieve a lower body weight than SD rats, altered GH and IGF-I concentrations should have been expected. Although a clear trend toward lower IGF-I concentrations was observed in FH rats, this finding might not be sufficient to explain the low growth rate of FH rats and it is possible that an altered expression of IGF-I receptors or a change in the capacity of blood to bind IGF-I might alter the responsiveness of the tissues of FH rats to IGF-I. The reduction in SRIF mRNA in the PeN of FH rats might not have consequences on peripheral somatotrophic activity, as no evidence for altered GH secretion was observed in the present experiment. Although release of SRIF into the median eminence was not measured in FH rats, it is unlikely, on the basis of our present results, that the reported reduced GH response to serotoninergic agonists in FH rats (7, 9) could be explained by an enhanced somatostatinergic tone. Reduced mRNA for SRIF in the presence of normal GH and IGF-I concentrations could be the consequence of a defective response of PeN somatostatinergic neurones to GH and IGF-I, or to a reduction in the biological activity of IGF-I, as both hormones exert a positive feedback on PeN somatostatinergic activity (43) (44) (45) (46) (47) (48) . The hypothesis of a defective cellular response to GH or IGF-I is compatible with the dramatic reduction of growth that is observed in FH rats.
Although serotoninergic function appears to be defective of FH rats (see Introduction) and serotonin is positively involved in the control of both the HPA and HSM axes in the rat (16, 17) , the present data suggest that such a defective serotonin function in FH rats exerts no significant contribution to the maintenance of normal activity of the HPA and HSM axes. In contrast, a contribution of defective serotoninergic function to the enhanced gene expression of CRF in the CeA should not be disregarded taking into account that serotoninergic innervation of amygdaloid nuclei is involved in fear-related behaviour (49) .
In summary, the present results indicate that FH rats have some abnormalities of HPA and HS axes, compared with SD rats. However, these abnormalities, and the behaviour of FH rats in the forced swimming test, are not those expected in an animal model of depression. Nevertheless, although these endocrine alterations are not relevant to the consideration of FH rats as a model of depression, they might play a part in some other behavioural and physiological alterations observed in this strain.
